INTRODUCTION
============

Poor-grade aneurysmal subarachnoid hemorrhage (aSAH; Hunt and Hess grade (H-H grade) IV and V) is a significant cause of morbidity and mortality in the general population. Despite recent remarkable advances in microsurgical technique, endovascular coiling, and neurointensive care, patient outcome remains dismal.[@B2][@B3] These poor outcomes are affected by many factors, including initial injury at the time of aneurysmal rupture, intracranial hypertension due to acute hydrocephalus and intracranial hemorrhage (ICH), increase in cerebrospinal fluid outflow resistance, cerebral edema, or a combination of these factors.[@B21][@B27] In most cases, recurrent bleeding of a ruptured aneurysm is correlated with significantly mortality.[@B29] Active management protocols for poor-grade aSAH patients have recently been developed and adopted in many neurosurgical centers, such as decompressive surgery, including ventriculostomy, decompressive craniectomy, hematoma removal, and lobectomy.[@B2][@B28] Several studies supporting the concept that decompressive surgery imparts a benefit for poor-grade aSAH patients have been reported.[@B10][@B23][@B30] Therefore, performing decompressive surgery when neurological and radiological signs confirm the presence of increased intracranial pressure (ICP) may reduce mortality and morbidity rates.

In many cases, neurosurgeons perform concomitant decompressive craniectomy and aneurysmal clipping if performance of decompressive surgery is necessary. However, in several clinical studies, early endovascular treatment led to better outcomes in poor-grade aSAH patients due to a reduced chance of rebleeding and reduced treatment delays.[@B5][@B31] In other words, we assumed that despite the need to perform decompression surgery in a timely fashion, there may be an outcome advantage if endovascular treatment for aneurysm obliteration is administered initially followed by decompressive craniectomy. Therefore, the purpose of this study is to compare the outcomes of poor-grade aSAH patients treated with concomitant decompressive craniectomy and clipping versus coiling followed by decompressive surgery.

MATERIALS AND METHODS
=====================

Patients and clinical assessment
--------------------------------

Between June 2006 and December 2013, 591 patients were admitted to the neurosurgical intensive care unit due to aSAH. Among them, 70 consecutive patients with H-H grade IV and V who underwent aneurysmal clipping or endovascular coiling for aneurysmal obliteration underwent an additional decompressive surgery for control of ICP, such as hemi- or bilateral craniectomy, lobectomy of brain, and hematoma removal. We retrospectively reviewed patients\' hospital records, operative reports, and radiologic findings (three dimensional-computed tomography angiography (3D-CTA) and conventional cerebral angiography (CAG)). Outcomes were assessed on discharge using the Glasgow outcome scale (GOS): grade I (death), grade II (vegetative state), grade III (severe disability), grade IV (moderate disability), and grade V (good recovery). GOS grades I, II, and III were described as unfavorable outcomes, whereas grades IV and V were favorable outcomes.

Management protocol
-------------------

In our hospital, management of poor-grade aSAH involves an aggressive early intervention policy. Prompt resuscitation, including endotracheal intubation, mechanical ventilation, and mannitol administration, was implemented. Clinical grade was assessed after initial resuscitation, and then 3D-CTA and CAG were performed as soon as possible. If an aneurysm was identified and judged to be the cause of SAH, early treatment to obliterate the ruptured aneurysm (using aneurysmal clipping or endovascular coiling) was administered to reduce the rebleeding rate. In deciding between treatment modalities, we considered patient demographic and radiologic factors: clinical status, operation risk (age, medication, underlying disease), CT findings (brains swelling, accompanying massive ICH or subdural hematoma, or both), and angiographic findings (location and morphology of the aneurysm). We preferred performing decompressive craniectomy and clipping simultaneously if decompression was necessary due to increased ICP. On the other hand, we attempted endovascular treatment in advance of decompressive surgery in cases where aneurysm obliteration could be achieved via the classic single-catheter method without incorporating any branches into the neck of the aneurysm or in cases of wide-necked aneurysm. Endovascular treatment was also attempted when surgical access difficulties were expected due to massive brain swelling with excessive brain retraction and destruction, difficult anatomical characteristics, and an aneurysmal location in the posterior circulation. In this study, we formed two subgroups based on surgical treatment modality: clip group and coil group.

Surgical Technique
------------------

Patients were transferred emergently to the operating room and decompressive surgeries were performed. The decompressive surgeries performed in our institution could be divided into three types, \"decompressive craniectomy only\", \"craniectomy with additional lobectomy\", and \"craniectomy with ICH removal\". Except for patients for whom aneurysm neck clipping had been planned, the head was positioned conventionally. In clip groups, three-point fixation of the head was performed appropriately so that a generous and extended pterional bone flap could be removed. A large, reverse question mark scalp flap was created and fronto-temporo-parietal bone flap was removed in all cases except craniectomies performed for aneurysm neck clipping. Duraplasty was performed similarly in a semi-watertight fashion. When performance of additional lobectomies was required, temporal lobes were resected initially and additional frontal lobectomies were performed in cases when decompressions were thought not to be adequate through temporal lobectomies only. Similarly, ICH was removed via transsylvian route and the transcortical approach was applied only when needed, such as removal of a huge volume of hematomas. Craniectomies were performed in the same setting during performance of aneurysm neck clipping, whereas in the coil group decompressive surgeries were performed only after the coiling embolizations were completed.

Statistical Analysis
--------------------

To evaluate the differences between the clip group and coil group, the variables were compared using univariate methods (two-sample *t*-test or chi-square test). MedCalc® (version 13, MedCalc Software bvba, Ostend, Belgium) was used for analysis, and a *p* value less than 0.05 was considered statistically significant.

RESULTS
=======

The demographic and clinical characteristics of patients are shown in [Table 1](#T1){ref-type="table"}. Among 70 patients (mean age: 58.31 ± 12.05 years, male/female: 30/40), 40 underwent aneurysmal clipping (mean age: 59.13 ± 11.98, male/female: 15/25) and 30 underwent endovascular coiling (mean age: 57.23 ± 12.56, male/female: 15/15). At presentation, the mean Glasgow coma scale score (GCS) of patients was 4.51 ± 1.12 (clip group 4.30 ± 1.14, coil group 4.73 ± 1.08; *p* = 0.112). The most common underlying disease or risk factor was hypertension and the second most common was smoking. However, age, sex, and presenting GCS score did not differ significantly between the two groups. The locations of ruptured aneurysms are shown in [Table 2](#T2){ref-type="table"}. Middle cerebral artery (MCA, n = 26) aneurysms were most frequent, and anterior cerebral artery (ACA, n = 22) aneurysms were the next most common. In the clip group, 23 of 40 patients had an MCA aneurysm (57.5%) and 10 patients had an ACA aneurysm (25.0%). Twelve of 30 patients in the coil group had an ACA aneurysm (40.0%), eight patients had a posterior circulation aneurysm (26.7%), and seven patients had an internal carotid artery (ICA) aneurysm (23.3%).

Overall, decompressive craniectomy was performed in 31 of 70 patients. Additional lobectomy and hematoma removal were performed in 11 and 28 patients, respectively. In the clip group, 16 of 40 patients (40.0%) underwent decompressive craniectomy: six patients (15.0%) underwent lobectomy and 18 patients (45.0%) underwent hematoma removal. In the coil group, 15 of 30 patients (50.0%) underwent decompressive craniectomy: five patients (16.7%) underwent lobectomy and 10 patients (33.3%) underwent hematoma removal. No significant difference was observed between the two groups (*p* = 0.606, [Table 3](#T3){ref-type="table"}).

At discharge, 61 of 70 patients had an unfavorable outcome (GOS I - III, 87.1%); the remaining 12.9% (28 of 70) were GOS IV or V (favorable outcome). In the clip group (n = 40), 38 (95.0%) patients had an unfavorable outcome, with the two remaining patients having favorable outcomes. By contrast, in the coil group, 23 of 30 patients had GOS I-III (unfavorable outcome, 76.7%), while seven patients had favorable outcomes (23.3%). In comparison of the two groups (clip vs. coil group), the coil group had significantly better outcomes (*p* = 0.035 and 0.032). However, no significant difference was observed between the mortality rates of the two groups (45.0% in the clip group and 36.7% in the coil group; *p* = 0.625). In addition, there was no difference in the rate of brain injury causing mortality (*p* = 0.941, [Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Poor-grade aSAH is a noted cause of morbidity and mortality in the general population. Despite recent advances in microsurgical technique, endovascular coiling and improved neurointensive care units, the outcomes of these patients remain very poor. These outcomes result from the combination of several pathologic mechanisms, including initial brain injury at the time of hemorrhage, delayed brain swelling with intracranial pressure elevation, and vasospasm.[@B21] In addition, elevated ICP due to acute hydrocephalus and focal hematoma in SAH patients leads to poor patient outcomes.[@B6] Fisher and Ojemann described a \"vicious feed-forward cycle,\" which they explained as elevated ICP impairing arterial inflow and venous outflow → ischemic damage to brain causing cerebral edema → swelling → more anoxia.[@B12]

Recently, the role of decompressive craniectomy in the setting of traumatic brain injury, cerebral infarction, and aSAH has been studied at many institutions.[@B9][@B12] aSAH patients with ICH have worse presentations and more unfavorable outcomes compared to aSAH patients without ICH.[@B2][@B17][@B18] The rationale for use of decompressive craniectomy for poor-grade aSAH patients with or without focal ICH are immediate ICP reduction and control of delayed ICP elevation after hemorrhage as a result of delayed brain swelling.[@B15] Many studies supporting the efficacy of decompressive craniectomy have been published.[@B7][@B8][@B14][@B16][@B30] Rapid and long-lasting control of ICP using decompressive craniectomy has been shown to improve outcomes in stroke, trauma, and aSAH patients.[@B13][@B20][@B23][@B24][@B25]

In this study, we selected the appropriate intervention for obliteration of the aneurysm primarily according to the angiographic findings of aneurysm rather than age, clinical grade, or predicted prognosis. In this study, no difference in demographic characteristics was observed between the two subgroups ([Table 1](#T1){ref-type="table"}). However, the location of the ruptured aneurysm differed between groups. In the clip group, MCA aneurysm was most common and ACA was the second most common. By contrast, in the coil group, ACA aneurysm was the most common and posterior circulation aneurysm was the second most common ([Table 2](#T2){ref-type="table"}). We assumed that these results reflected the combination of many factors, including angiographic findings, morphology of aneurysms, and vascular access.

Natural history- and population-based investigations indicate that only 5% of poor-grade patients without treatment are expected to survive when admitted to the hospital within three days of aSAH.[@B1][@B4][@B19] Several authors concluded that early, aggressive treatment and intensive care for patients with poor-grade aSAH can improve mortality and morbidity rates.[@B2] We have abided by an early and aggressive treatment policy for several years, except in patients with unstable vital signs. In this study, the overall mortality rate of poor-grade aSAH patients was 41.4% (clip group, 45.0% vs. coil group, 36.7%), and there was no significant variation between groups (*p* = 0.625). Favorable outcomes were slightly more frequent in the coil group than in the clip group, and this difference was statistically significant (*p* = 0.032, [Table 4](#T4){ref-type="table"}). This difference may be due to the excessive brain retraction causing brain damage or unavoidable removal of brain tissue during microsurgical clipping for poor-grade aSAH. In addition, there was no delay from the time of cerebral angiography to the beginning of endovascular coiling. Because coiling in 26 (86.7%) of 30 coiling patients was performed under local anesthesia using intravenous sedatives, we were able to perform coil embolization just after the diagnostic angiography with no time delay. Considering a mean delay of 127 minutes (range 85-210) from diagnostic angiography to the start of operation under general anesthesia, the time interval from presentation of aSAH to aneurysm obliteration by coil embolization followed by decompressive surgery was shorter than that of concomitant decompressive surgery and clipping. Although we found no statistical evidence of increasing tendency of rebleeding, this is a point worth considering.

According to several recently published studies, many hospitals have adopted an early, aggressive treatment policy for poor-grade aSAH patients.[@B10][@B23] In addition, many investigations regarding early endovascular coiling followed by decompressive surgery and concomitant decompressive surgery with clipping have been published.[@B11][@B22][@B26] Reyes et al.[@B11] reported that endovascular coiling followed by ICH evacuation may be an alternative treatment to concomitant decompressive surgery in patients with both SAH and ICH (mortality rate of treatment: clip, 25% vs. coil, 30%), and has the advantages of short total operation time, short interval from presentation to aneurysm obliteration, and no difference in cost between treatment modalities. Mocco et al.,[@B22] in a prospective study of 148 patients who underwent microsurgery (66%) or received endovascular treatment (34%), reported an overall good outcome rate of 40% and a mortality rate of 43%. Sandsrom et al.,[@B26] who published a retrospective outcome analysis of 123 poor-grade patients treated with either neurosurgical clipping or endovascular coiling, found that 56% had a good outcome and the mortality rate was 22% when utilizing early and aggressive treatment. The treatment results of our study (good outcome rate of 12.9% and mortality rate of 41.5%) are slightly worse than reported in the above mentioned studies.

This study has several limitations, including that it is a single-center investigation with a small cohort and a retrospective study design. In addition, our institutional bias toward early aggressive treatment of poor-grade aSAH resulted in the lack of a delayed treatment group for comparison. However, this study showed the comparative results of two common treatment modalities for poor-grade aSAH. Although the majority of outcomes remained poor, early coil embolization without delay followed by decompression surgery could result in more favorable outcomes in poor-grade aSAH than treatment with clipping.

CONCLUSION
==========

Despite our early and aggressive management policy for poor-grade aSAH, the results of this study showed unfavorable outcomes. In addition, almost all patients required decompressive surgery with or without lobectomy or hematoma removal. More favorable results were observed for early coil embolization followed by decompressive surgery than for concomitant decompressive surgery and aneurysmal clipping. In conclusion, if angiographic and radiologic finding of aneurysm is suitable to endovascular treatment, consideration of endovascular coiling followed by decompressive surgery before concomitant decompressive craniectomy and clipping may be important.
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^\*^*p* values were calculated using the two sample t-test.

^†^*p* values were calculated using the chi-square test.

Sig = significance; SD = standard deviation; GCS = Glasgow coma scale; HTN = hypertension; DM = diabetes mellitus
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^\*^*p* values were calculated using the chi-square test. The *p* value of the location of aneurysm is 0.002.

MCA = middle cerebral artery; ACA = anterior cerebral artery; ICA = internal carotid artery
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^\*^*p* values were calculated using the chi-square test.

Sig = significance; ICP = intra-cranial pressure
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^\*^*p* values were calculated using the chi-square test.

GOS score = Glasgow outcome scale score; GOS I (dead); GOS II (vegetative state); GOS III (severe disability); GOS IV (moderate disability); GOS V (good recovery)
